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Checklist For Independent Review 

Document: Evaluation of Sodium Nitrite Addition With Tank 241-AY-102 Waste 

Problem completely defined. 
Necessary assumptions explicitly stated and supported. 
Computer codes and data files documented. 
Data used in calculations explicitly stated in document. 
Data checked for consistency with original source information as 
applicable. 
Mathematical derivations checked including dimensional consistency of 
results. 
Models appropriate and used within range of validity or use outside 
range of established validity justified. 
Hand calculations chec,ked for errors. 
Code run streams correct and consistent with analysis documentation. 
Code output consistent with input and with results reported in analysis 
documentation. 
Acceptability limits on analytical results applicable and supported limits 
check against sources. 
Safety margins consistent with good engineering practices. 
Conclusions consistent with analytical results and applicable limits. 
Results and conclusions address all points required in the problem 
statement. 
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1.0 INTRODUCTION 

Analyses ofwaste samples taken from tank 241-AY-102 indicate the tank interstitial liquid is deficient 
in nitrite in accordance with corrosion prevention chemistry. The supernatant was within 
specifications. Corrosion control is a Technical Safety Requirement (TSR) level control implemented 
in HNF-IP-I266 (CHG 2001 b), Administrative Control (AC) 5.  IS, “Chemistry Control Program.” 
Sodium hydroxide (caustic) solution was added to the tank in early 2001 to bring it into specification 
for hydroxide. Sodium nitrite solution will be added to the tank to bring the interstitial liquid into 
specification for nitrite. 

1.1 Objective 

The 7h7k Furm Waste Trunsfer Compufibi/r/y I’rogmm, HNF-SD-WM-OCD-0 I5 (Fowler 200 I), 
describes the decision rules relating to waste transfers both into and within the Hanford Site 
Double-Shell Tank (DST) Farm System. The addition of process chemicals and water are exempted 
from completion of a waste compatibility assessment. However, to ensure that the tank will remain 
within appropriate Administrative Controls Implementation, Safety, and Operational limits after the 
sodium nitrite addition, a comparison to established criterion must be made. 

1.2 Sodium Nitrite Addition (Source Chemical) 

4 volume of 64,000 gallons (gal) of 8 molar (M) sodium nitrite (NaN02) solution will be added to tank 
241-AY-102 to bring the interstitial liquid above the lower corrosion control limits. The 8 M sodium 
nitrite solution is approximately 40 weight percent (wt %) and has a pH of 8.9. 

1.3 241-AY-102 (Receiver Tank) 

rank 241-AY-102 is an aging waste facility (AWF) tank and is designated a dilute receiver tank 
:DCRVR). Tanks 241-AY-101 and 241-AY-102 comprise the 241 AY tank farm. These tanks were 
3ut into service in the early 1970s and can hold up to 1,000,000 gallons each. The AWF tanks are 
ksigned to withstand high heat loads. 

rank 241-AY-102 contains dilute non-complexed waste (DN). Tank 241-C-106, a single-shell tank 
:hat was a high heat Watchlist tank, was retrieved into tank 241-AY-102 several years ago. Since that 
:ime, the waste chemistry in tank 241-AY-102 has changed. Hydroxide and nitrite in some samples 
lave dropped below concentrations necessary to ensure the tank is within corrosion specification 
imits. 

In February 2001, caustic solution was added to tank 241-AY-102 to bring it into compliance with 
uaste chemistry specifications for hydroxide. On February 16, 2001 (following the addition of caustic 
:o the tank), the waste elevation in tank 241-AY-102 was approximately 235 inches (PCSACS), 
zquivalent to 646,250 gallons of waste. No waste has been added since the caustic addition. The 
iolume of waste in the tank includes including approximately 462,250 gallons of supernate and 
184,000 gallons (66.9 inches) of solids (Hanlon 2001). The addition of 64,000 gallons of nitrite 
;ohtion into tank 241-AY-102, along with approximately 5,000 gallons of process and flush water, 
uill ensure the tank is within specification for nitrite. This volume of chemical and water additions 
will f i l l  the tank to approximately 260 inches. 
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2.0 RESULTS AND CONCLUSIONS 

le addition of sodium nitrite solution to tank 241-AY-102 was compared to the Administrative 
mtrols Implementation, Safety, and applicable Operational Criteria used in the compatibility 
ogram (Fowler 2001), along with another criterion applicable specifically to chemical additions. The 
itial and final contents oftank 241-AY-102 were compared to the criteria, along with that of the 
anned chemical addition. No criteria were exceeded which may have precluded the addition of 
dium nitrite solution to the tank. Appendix A provides a disposition of each of the applicable 
iterion. Appendix B gives calculation details to support the determinations. 

ocess Control recommends the addition of up to 64,000 gallons of 8 M sodium nitrite solution and 
I to 5,000 gallons of raw water for process needs, to tank 24 1 -AY-102. The recommendation for the 
ditions of sodium nitrite solution and water is conditional on meeting all the requirements in  
:ction 3.0.  

ocess Control has also reviewed water usage for operational needs in tank 241-AY-102. Upper 
lunds on the amount of water that can be added to the tank have been established. The upper bounds 
sure the tank will not exceed specifications for corrosion control and time to reach 25 percent of the 
wer flammability limit (LFL) for hydrogen. Several water addition scenarios are given below. 

Prior to the addition of sodium nitrite solution and up to the first 15,000 gallons of sodium 
nitrite added to tank 241-AY-102, water additions are limited to that specified in Pre-Evaluated 
Limits for DST and A WE' Tank Wafer Addzfions, latest revision (located on \\A.PQgS~B~L.UTa.V, 
in the folder: DST HGR Baseline, with the file name: DST Water Addition Limits.pdf). 

After the first 15,000 gallons of sodium nitrite solution has been added to tank 241-AY-102, 
the volume of water added to the tank cannot exceed 25 percent of the volume of sodium nitrite 
added to the tank, up to 5,000 gallons of water. The limit of 5,000 gallons of water is specified 
as a reasonable water usage limit for this addition. 

If water addition greater than 5,000 gallons is required, Process Control should be requested to 
prior provide written documentation stating that the addition of more water is acceptable when 
compared to corrosion control and time to LFL criteria. 

Following the conclusion of the sodium nitrite solution addition and any associated water 
flushes to tank 241-AY-102, Process Control will reevaluate the water addition limit in the tank 
and update the Pre-Evaluated Limif.s,for UST'cmd A Wt.' lank Water Additions. 

2 



WP-9 125 REV 0 

3.0 REQUIREMENTS 

The recommendation for allowing the addition of sodium nitrite solution to tank 241-AY-102 is 
contingent upon remaining within the following requirements. Any deviations require an approved 
change to this document prior to continuation with the planned addition. 

I )  Written approval must he obtained from the Department of Energy - Office of River Protection 
prior to adding sodium nitrite solution to tank 241-AY-102. 

2) The tank 241-AY-102 volume, following the chemical and flushiprocess water additions, was 
evaluated to a level of no more than 260 inches in the tank, the limit of this evaluation. The tank 
level may not exceed that limit without a prior written evaluation by Process Control, 

3 )  The chemical addition to tank 241-AY- 102 was evaluated for a maximum volume of 64,000 
gallons of approximately 8 M sodium nitrite solution, the limit of this evaluation. The volume of 
sodium nitrite added to the tank may not exceed that limit without a prior written evaluation by 
Process Control. A smaller volume of sodium nitrite may be added. 

1) Water additions to tank 241-AY-102 should be minimized as much as is practical. Several water 
addition scenarios were evaluated in order to place upper bound limits for water additions. These 
scenarios are described in Section 2.0 ofthis document. After the addition of 15,000 gallons of 
sodium nitrite to the tank, the limit for water additions is 5,000 gallons. 

5 )  Prior to adding sodium nitrite solution to tank 241-AY-102, each batch must be verified, by review 
of sample analyses, to have a pH of greater than or equal to 8 (pH ? 8). 

5) The authorization for acceptance of sodium nitrite solution in tank 241-AY-102 shall expire after 
the nitrite solution addition and all associated line flushes are completed or on October 18, 2002, 
whichever occurs first. 
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4.0 METHOD OF ANALYSIS 

HNF-IP-1266, Section 5.12, “Transfer Controls,” (CHG 2001a) requires that prior to acceptance of a 
waste transfer, the proposed transfer shall be evaluated as specified in HNF-SD-WM-OCD-015 
(Fowler 2001). The evaluation is necessary to ensure that the sending and receiving tanks will still 
meet the controls of criticality, tank humps, flammable gas deflagrations, organic solvent fires, organic 
salt-nitrate reaction, and moisture after the transfer. 

~ Although chemical additions are exempt from the requirement of a waste compatibility assessment, 
this evaluation will compare compositions of the proposed chemical addition with the waste in the 
receiver tank, 241 -AY-I 02, and evaluate pertinent pre-addition and post-addition conditions. The 
format of this evaluation is taken from the HNF-SD-WM-OCD-0 15, Waste Compatibility Compliance 
Table. Sections for Administrative Controls Implementation, Safety, and Operational Criteria are 
used. In addition, an Administrative Controls Implementation criterion specifically for the pH of 
chemical additions is included. The table is retitled to indicate that it is for chemical compatibility 
compliance. 

The final weighted average concentration for each constituent is calculated to determine the 
composition of the waste in the tank following the addition of the sodium nitrite solution. Other 
calculations are completed in a similar manner to determine final conditions in the tank. The results 
are compared to the appropriate compatibility program criteria. The calculation methods used to 
determine compliance with the waste transfer decision criteria are outlined in a spreadsheet found in 
Appendix B. All calculations are independently checked, with acknowledgement of that action by 
signature or initials on each calculation page. 

4 
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I 5.0 INPUT DATA 

5.1 Assumptions 

To ensure the waste in a tank is bounded, the worst-case concentrations of constituents are used. 
Minimum values are used for nitrite and hydroxide as the worst-case for corrosion control purposes. 
The minimum specific gravity (SpG) is used for the calculation oftransuranics; the maximum SpG is 
used for other purposes. The average sodium concentration is used at the request of the customer. The 
maximum analytical value was used for all other constituents to provide the worst-case conditions. 

The following assumptions were made which are specific to this sodium nitrite solution addition to 
tank 241-AY-102. 

The addition of sodium nitrite solution to tank 241-AY-102 will not significantly increase the 
solids volume in the tank. 

The maximum dome and waste temperatures in tank 241-AY-102 over the past year were used 
as the expected maximum temperatures in the tank. These values are used in calculating the 
time to reach 25% of the lower flammability limit for hydrogen in the tank dome space, 
assuming active ventilation is lost. 

The evaluation considers only the final concentrations for aqueous phase waste in the tank 

5.2 Sodium Nitrite Solution 

The nitrite that will be added to tank 241-AY-I 02 is 8 M o r  approximately 40 wt %. The 
concentrations of sodium and nitrite are determined using the known molecular weights of sodium and 
nitrite. The specific gravity of 40 wt % sodium nitrite solution was obtained from Material Safety Data 
Sheet (MSDS) (MSDS #058675). The data used in the evaluation are found in Appendix B. 

5.3 Tank 241-AY-102 Waste 

Core samples and grab samples were taken from tank 241-AY-102 concurrently in April/May 2001, 
following the addition of caustic to the tank in February 2001. The analyses data are available from 
the Tank Waste lnformation Network System (TWINS) database. Details of the data used in the 
evaluation are found in Appendix B. 
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APPENDIX A 

CHEMICAL ADDITION COMPLIANCE TABLE 

SODIUM HYDROXIDE ADDITION WITH TANK 241-AY-102 WASTE 

A- I 1 



Checker: L. A. Fort 
Date: 

Originator: J. A. Lechelt b iGo,  RPP-9125 
Date: 

Criticality 

(Pu ~ plutonium cquivillant) 

(Evaluate "on-TF SOUICO 
pre-tratldcr) 

Chemical Addition Compliance Table 
Sodium Hydroxide Addition with Tank 241-AY-102 Waste 

1Jr;tnium cnrichmcnt- l . 0 3  and p l l  ~ X NA- See Disposition 

Pu < 0.Olll #'I, or 0.001 dl . I'u 
corrzsponding ratio iii HNF-SD-WI\.I-C)CD-OI 5, 'Tddc 2-1 

242-A Evnporator l c o d  I'LL ' 0.005 g'l 

Ifl'u content ' Sllg in a single hatch. sum ulcompunent subcritical maw fia~?ions 1 
2 

0.04 g,I, pH i X. and at l e w t  m e  WPu ,, the 

Radiological Source Term 
Controls ~~ DST Liquids 

(Evaluate """-IF S m I r C e  pre- 
transferi 

Disoosition (HNF-SD-WM-OCD-(115, Section 2. I): Watcr inid chemical additions are exemDted from tlus criterion. 
Non-tmk farm Lacilily W B R ~ ~ :  

'Totsl OnSito and OffSitc 1II.D ' limit in  HNF-SI~-WM-OCI)-lIl5, 'Tzahlc 2-2. 
NA ~ Scs Disposition 

I<ndiological Source Term 
Controls .~ DST Solid. 

(Evaludto non-TF source 
"Te-tra"Slbri 

Nun-tnnk tkrm tncility w~stz :  

'Totd OnSite and OtiSite ULD ':limit in MNF-SD-WM-OCU-OIS, '1-d>1a 2-3.  
N A  ~ See  Disposition 

.~~ ~ ~~~ , I I 

Disposition (HNF-SD-WM-OCD-015, Section 2.2.2): Water and chemical admtions arc cseinptcd from this criterion. 

Bulk Chcmical Runaway Ileaclion 
(Evirluhla r r C Y i Y e r  posf-Ir;,nsfer) 

Receiving titnk cod stntc hcat I o d  ': 74.llllll Htu;hr &'I" '- 52 dl (3.X M%) See Disposition 
OR 

Illullher evaluation per methud in I IN I -35XX dotarminus I l ia1 a hulk chcmical 
lvnsway is not possihle 

A-2 

'lank 'Time to 1,PL Dcterminalian 
(tvalu;ltc reCeiYCr pos t~ tr~~nsrcr~  

I ) S T  nnd AWF: minimum time to reach 2 5 %  0 1  LFL tbr tiink viipor space will 
rciiiain ,7 days, s suming  loss ulprimiirylank venlilation. 

In Compliance 
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Date: // 1 R / d  01 Date: 
Originator: J .  A. Lechelt 

'lammahle Gas 

livrluate wceivor post-tmnsfer) 

Chemical Addition Compliance Table 
Sodium Hvdroxide Addition with Tank 241-AY-102 Waste 

(Solids depth (in.) x S O ~ Y C C I ~ V C  SpG) ,: 14X I" Compliance 

Ifsource waste SpU ., 1.41, receiver tank average SpG 5. 1.41 nner t rmfcr  

CRITERIA 

lrgnnic and Energetic Reaction 
fi:";llualo %""me pre-lransfer) 

PROGRAM REQUIREMENT 

In Compliance Source Cnutherm/Endolhcrm': 1.0; N o  scparnble organic layor 

Madmum Rrotherm = 480 joulcr/pa-am 
Il l isc  waterIZOU/U,TOC (dry).-4.5 +U.l7(wt%licowittor) 

COMPLIANCE 
STATUS 

Disposition (HNF-SD-WM-OCD-015. Section 2.5): Samplc data indicatcs tak 241-AY-102 is oul of compliaice with 
Lank chcmistry controls. which is lhc reason llic sodium nitrile solution is being addcd to the tank. The worst-case 
malytical data was used to makc the following dctcmiinations. 
Tank 241-AY-102 interstitial liquid bcfore addition: [NO,'] = 0.01 M;  OH^] = 0.01 M; [NO;] = 0.005 M. lNO<]/([OH-] 
t [NO;]) = O.Ol/(O.Ol + 0.005) = 0.44, which is < 2.5. [NOJ = 0.005 M < 0.01 I M (out of compliancc) 
rank 241-AY-I02 interstitial liquid afteraddifion: [NO3-] = 0.01 M: l0H.l = 0.01 M; [NO;] = 0.97 M. INO<]/([OH-] + 
INOyl) = O.Ol/(O.Ol + 0.97) = 0.01, which is < 2.5 (in compliancc) 
L'homical Addition p l l  

Vste: 'TMs criterion was added 
the tahle. 'The r r i t e r i w  is 

ipeeinc tu elieiidcal additions as 
required hy AC: 5.12. 

See Disposition 

Disposition Tlie MSDS for 40 MI% sodium nitrite solution states that the pH is 8.9. Each batch of sodium nitnte is 
xquired to demolistrate by sample analysis, that the pH 2 X (Section 3.0, Reqiiircnicnt 5). 
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Originator J A Lechelt 
Date Date 

CRITERIA 

IICKT Corrosion Cuntrol 

(Fvalu;,toroi.aivarpuat-tr~sfur) 

Chemical Addition Compliance Table 
Sodium Hydroxide Addition with Tank 241-AY-102 Waste 

COMPLIANCE 
STATUS PROGRAM REQUIREMENT 

NA - Sec Disposition [NO;] 5 IM, 1l.lllM :_ [OH] ': XM. 11.1J1 I 5 [NO;] :'5,5M, 
1fll . lJlhl  '. [ O I l ~ ]  < lJ.OI5M and.'or 

U . U I I M ~ . [ N O I ~ ~ U , l I I 5 M .  thcnahcckllSO. 

1.11 c: [NO;] 5 3.0M. 

0.1 x [NO;] 1 [Ofl~]  ~ IOM. 
101~11 , (NOII  ,~ 0.4 I [ N O . ]  

[N(l;I -'1.0M, l13M 5 [OH] IOM, 
[OH] t [ N O i [ 1  I .ZM,  NO.^] 15.5M 

current WSPS 
(Evaluate RUUrEe prr-unnsfcr) 

ldenlify potential hazards fur mining WBSICS in spcuiiia rractivily groups 
(HNF-SU-WM-OCII-015, I'ig. 4-1) Chemical 

Compatibility 

Source Waste lrom notside the DST System must haw a current WSPS on tile. 
Ncw/llcuisud WSI'S rvvicwud hy CSKiAIternide 

(Nun-Tank Farms facility was?e streams only) 

NA- See Disposition 

PCB Management 
(Evaluate 'i(,uTcs pre.iri,nsfcr and 
recuiver postt-iransfer) 

Disposition (HNF-SD-WM-OCD-015, Section 5.1): Tank 241-AY-102 is under conliguration control and the addition of 
sodium nitrite requires OW approval. The first requirement of Seclion 3 . 0  is that ORP approval is required bcforc the 
sodium nitrite can be addcd to the tank. 

lliliiy PCH detected: nun-TF WBI~S I ~ L I S L  lie devigmtcd as I'CH Ilcmadi.~tiun. 
Anxlylical or KBII (SCC dclinition rcquircmsnls in IINT-SD-Whl-OCL)-Ul5, Sbction 
4.1.4.1) 

Ssparak phnso antilysis ruquirvd i l l  11.5 wl % solids in nun-TF source. 

See Disposition 

ource IPCB]: solids .I 450 ppm (dry W. 

Receiver IPCR] must remain: 5 511 ppm in solids 

A-4 



RPP-9125 REV 0 
Originator J A Lechelt Checker L A Fort 
Date Date / b  7Ldl 

Waste Feed Envelope 
(Bvalu.lto source pre-transfer and 
receiver post-transfer) 

Chemical Addition Compliance Table 
Sodium Hydroxide Addition with Tank 241-AY-102 Waste 

See Disposilion Envelope A 

'' 0.5 moles oforganic carbon pcr mole ofrudium. 
* 4.4Et07 Becquerels (Bq) Sr'" per mole sodium; 

< 4.XE 105 Bq TRU per mol6 sodium; 

Cmnplrxod concwtratc (CC) slurcd with other CC waste. 

CRITERIA I 

Ileal Generation Rate 
(Evaluate receiver post-transfor) 

PROGRAM REQUIREMENT 

AN. AP K: AW tanks ': 70.000 Btullu. 

SY tanks 5 50,UUU Btdhr; 

AY K: AZ tanks 5 4,000,000 Utuihr 

I" C0mpliani.s 

~~ 

COMPLIANCE 1 STATUS 

AWF 5 Molar Sodium Rule 
(Evaluate receiver post-transfur) 

Mar .  [Nn'] = 5.U M in AWPInnks In Compliance 

Phosphate Waste 

iEvalu;rlc soumo and receiver 
High phosphate waste ( [ P O i ' ]  ,'U.IM) iiot l o  hz mimi  with high s d l  wast'to ([Na'] 
.,' X.OM). 

In Compliance 

Disposition (HNF-SD-WM-OCD-015, Section 6.3): Sodium nitrite contains no phosphate, but docs hdvc 8 M sodium 
concentration. The Waste in tank 241-AY-102 is ncillicra high phosphalc (0.06 bl) nor high sodium (2.57 M). 
Line Plugging 

(Evklunto SLlUrfe pro-transfer) 

j: 5 "<II"IIIE 56 solids and SpG .. 1.35 <,r C"ill"illi0" nuccswry In Compliance 

Waste Segregation 
(Evaluate source and rcccivor 
pro-transfer) 

A- 5 

Segregate wmplened t o m  "on-cumplexcd and lium T R U  wiistes to minimizr 
Creation of additionalTR11 waste and minimize adverse impacts to waste volume 
rsduction 

NA ~ See Disposition 
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APPENDIX B 

CALCULATIONS FOR WASTE COMPATIBILITY DETERMINATION 

B- 1 
I 

__ 
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